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Abstract
Accumulation of metabolites may mark or contribute to the development of type 2 diabetes mellitus (T2D), but there
is a lack of data from ethnic groups at high risk. We examined sphingolipids, acylcarnitines and amino acids, and their
association with T2D in a nested case–control study among 54 South Asian Surinamese, 54 African Surinamese and 44
Dutch in the Netherlands. Plasma metabolites were determined at baseline (2001–2003), and cumulative prevalence
and incidence of T2D at follow-up (2011–2012). Weighted linear and logistic regression analyses were used to study
associations. The mean level of most sphingolipids was lower, and amino-acid levels higher, in the Surinamese groups
than among the Dutch. Surinamese individuals had higher mono- and polyunsaturated acylcarnitines and lower
plasma levels of saturated acylcarnitine species than the Dutch. Several sphingolipids and amino acids were associated
with T2D. Although only the shorter acylcarnitines seemed associated with prevalent T2D, we found an association of
all acylcarnitines (except C0, C18 and C18:2) with incident T2D. Further analyses suggested a potentially different
association of several metabolites across ethnic groups. Extension and confirmation of these findings may improve the
understanding of ethnic differences and contribute to early detection of increased individual risk.

Introduction
People of South Asian and African origin have a higher

type 2 diabetes mellitus (T2D) prevalence and incidence
compared with Europeans, at a given body mass index
(BMI)1–3. Higher tissue and plasma concentrations of
metabolites may contribute to the development of T2D.
Prominent is the accumulation of lipids that culminates to
lipotoxicity. Primary classes of intracellular lipid media-
tors associated with T2D and insulin resistance include
cytosolic lipids such as sphingolipids, and mitochondria-
derived metabolites such as acylcarnitines4–7. In addition

to fat metabolites, there is a marked association between
amino acids and T2D8, 9. Recent evidence suggests that
associations may vary by ethnicity, for example, for amino
acids in men9. This could signal differences in intake and
the relative importance of metabolic processes across
groups. However, data are limited. We examined ethnic
differences in these metabolites and their association with
T2D in people of South Asian, African and European
origin in the Netherlands.

Subjects and methods
Study population
We carried out a nested case–control study. In brief,

1444 South Asian Surinamese, African Surinamese and
European Dutch (henceforth Dutch) completed an inter-
view and medical examination in the SUNSET study
between 2001 and 20031, 3. In 2011–2012, participants
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who still resided in Amsterdam were invited to take part
in a follow-up examination within the HELIUS study1, 2.
We excluded individuals with missing data on T2D at

either measurement or with self-reported baseline cardi-
ovascular disease. From the group that remained, we took
a sample from strata characterized by ethnicity, sex and
T2D status at follow-up. Data for 54 South Asian Sur-
inamese, 54 African Surinamese and 44 Dutch were
available for analysis.
The Institutional Review Board of the Academic Med-

ical Centre approved the studies. Participants provided a
written informed consent.

Measurements
Ethnicity was classified based on self-identification1, 3.

BMI was calculated as weight in kilograms by height in
meters squared. The covariate BMI change was calculated
by subtracting BMI at follow-up from the baseline BMI.
Healthy diet was defined in line with Nicolaou et al.9,
based on 24 questions about the usual amount and fre-
quency of intake of common food items and items more
specific for the Surinamese (e.g., salty condiments). The
individual dietary items were combined to form a com-
posite score based on the Dutch guidelines for: fruit (2
points for two pieces of fruit or one piece of fruit and one
glass of juice daily (no sugar added); 1 point for one piece
of fruit daily or two pieces 5–6 days per week), vegetables
(2 points for 200 g daily, 1 point for 150 g daily or 200 g
5–6 days per week), salt (1 point for minimal use of salt at
cooking and at the table), fish (1 point for at least once a
week), red meat (1 point for twice a week or less),
breakfast (2 points for daily; 1 point for 5–6 days per
week), fat in cooking (1 point for mostly oil).
Baseline T2D was defined as a fasting plasma glucose

(HK/Glucose-6-P-dehydrogenase test; Roche-Diag-
nostics) ≥7.0 mmol/l and/or self-reported T2D. At follow-
up, T2D was defined as an HbA1c ≥ 6.5% (48 mmol/mol)
and/or a fasting plasma glucose ≥7.0 mmol/l and/or self-
reported T2D1, 10.
In 2012, we measured metabolite concentrations in

baseline plasma samples that had been stored at −80 °C.
The analyses were done as reported previously11, 12.

Statistical analysis
We used methods that weighted for the sampling

strategy used. Baseline data were expressed as percentages
or means with 95% confidence intervals. Ethnic differ-
ences in metabolites were calculated with linear regres-
sion, adjusted for the continuous variables age and BMI1;
and, additionally, with adjustment for healthy diet score as
a continuous variable. Sex was not considered, as it was
previously not associated with T2D3 and had been used as
sampling variable. Repeated analyses with non-parametric
methods did not change results (data not shown).

Subsequently, we examined the age and BMI adjusted
association of the metabolites with cumulative T2D. In
this analysis, we included all cases (n= 44), including
those already identified at baseline. Moreover, we repe-
ated the analysis with adjustment for BMI change and
with further adjustment for healthy diet as a continuous
variable. We also repeated the analysis after excluding
persons with T2D at baseline, with additional adjustment
for baseline fasting glucose. Finally, we evaluated differ-
ences in the association with cumulative T2D by ethnicity,
reporting only report the metabolites with p ≤ 0.10 for the
interaction.
Analyses were performed using the SAS package, ver-

sion 9.3 (SAS Institute Inc., Cary, NC, USA). No power
calculations were performed. We considered a p ≤ 0.05
indicative of an association (two sided).

Results
Baseline characteristics differed by ethnicity (Supple-

ment 1). The mean level of most sphingolipids was lower,
and plasma amino-acid levels higher, in the Surinamese
groups than the Dutch (Table 1; Supplement 2). For
baseline acylcarnitine levels, there appears to be an overall
switch in saturation, as Surinamese had higher mono- and
polyunsaturated acylcarnitines and lower plasma levels of
saturated acylcarnitine species. Additional adjustment for
diet did not account for these differences (Supplement 3).
Metabolite levels were associated with prevalent T2D

(Table 2). Adjustment for diet or BMI change did not
affect our interpretation (Supplement 5). The restricted
analyses (incident only) also largely confirmed the asso-
ciations for sphingolipids and amino acids; a limited
number of metabolites, for example, alanine and leucine,
were no longer associated, whereas others appeared
similarly or even more strongly associated (e.g., lacto-
sylceramide, methionine and proline; Table 2). For the
acylcarnitines, however, the difference was notable.
Although only the shorter acylcarnitines seemed asso-
ciated with cumulative T2D, we found an association of
higher mean baseline levels of all acylcarnitines (except
C0, C18 and C18:2) with incident T2D. Further analyses
showed some evidence for a differential association of
several metabolites with the T2D risk by ethnicity (Sup-
plement 5).

Discussion
South Asian and African Surinamese had lower sphin-

golipid, higher plasma amino acid, higher mono- and
polyunsaturated acylcarnitine and lower saturated acyl-
carnitine plasma levels than the Dutch. Differences in
these metabolites were associated with cumulative and
incident T2D. The observed differences in metabolite
levels may reflect the specific dietary intakes of the ethnic
groups in the Netherlands2, 13. However, the available
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self-reported data on diet did not explain associations in
the current study. In addition, differences may reflect
ethnic differences in (nutrient) metabolism. A difference
in brown adipose tissue volume and capacity in South
Asians has been found that may contribute to an reduced
energy expenditure and T2D risk14.
We found that higher levels of several sphingolipids, for

example, ceramide and lactosylceramide, were associated
with T2D, with evidence for a somewhat stronger asso-
ciation among those of African origin than others. To the
best of our knowledge, no data have been reported for
Africans or South Asians. However, the association of
ceramide is consistent with the reported association in
Australians and Mexican Americans6.
The association of acylcarnitines with T2D also fits

reported associations of several, in particular short and
medium chain, acylcarnitines with prevalent T2D in obese
African-American women5. However, another study did
not find strong associations with insulin resistance4. Dif-
ferences in the association between African, South Asian
and European origin populations were not reported.
The associations of T2D with the three branched-chain

amino acids (BCAAs) and to a lesser extent phenylalanine,
as well as the lack of association with, for example,
ornithine, citrulline and arginine, are mostly in line with
previous work4, 7. However, a recent study did not find an
association of BCAA in South Asian family members of
people with T2D15. The association of tyrosine was con-
sistent with one study, and inconsistent with another4, 7.
Finally, our study suggested some associations with other
amino acids, for example, the negative association with
serine and proline, which were not found previously4.
Ethnic differences in associations with incident T2D, for

instance for BCAA and tyrosine, have been reported7.
Interestingly, these differences were not significant in our
study, but we found some evidence for a possibly different
association of other amino acids with cumulative T2D.
Yet, the numbers are too small to draw firm conclusions.
If confirmed, our findings may have implications for the

use of metabolites to enhance risk assessment for incident
diabetes16. Further exploration of ethnic differences may
also point toward new pathways underlying the excess
burden of T2D in some groups.

Limitations
Our observational data have several limitations. First,

causality cannot be inferred. Second, we determined
metabolite levels in stored plasma samples, which may
better reflect levels in certain tissues and organs than
others17. Reported levels may not be reflective of all
(changes in) relevant metabolic processes.
Third, our analysis was based on cumulative cases at

follow-up. Results of the analysis of incident cases largely
confirmed the associations, but the power was limited and

we could not explore all potential confounders and
interactions.
Finally, in line with previous work9, we chose not to

apply a correction for multiple testing. Although this may
imply some false-positive results, even a strict Bonferroni
correction would not have explained all associations.
In conclusion, we found large ethnic differences in

sphingolipids, acylcarnitines and amino acids, which were
associated with T2D in people of South Asian, African
and European origin. Extension and confirmation of these
findings may improve the understanding of ethnic dif-
ferences in T2D and contribute to early detection of
increased individual risk.
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